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Abstract 
In this study, titanium dioxide nanotube (TNT) were prepared by anodization method. The effects of voltage and 
addition of water in electrolyte solution that contains 0.5 %wt. HF and 0.3 %wt. NH4F were investigated. 
Photocatalytic activity of the TNT films were evaluated in terms of the degradation of methylene blue under UV 
light. The results showed that the 20 V of voltage and addition 2 vol% of water in electrolyte solution were the best 
condition on anodization.process. 
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1. Introduction 
Titania (TiO2) is well known as a semiconductor with photocatalytic activities and has great potential 
in many areas, including environmental purification, gas sensors, photovoltaics, immobilization of 
biomolecules, and generation of hydrogen gas [1]. To date, TNT has been synthesized by various 
methods, including the sol–gel method, hydrothermal method, template synthesis and electrochemical 
anodization. Among these methods, direct electrochemical anodization of titanium (Ti) is considered it is 
the most ideal method to fabricate highly oriented TNT arrays because the process is very simple and  
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the morphology can be easily controlled by the anodization conditions [2]. The various anodization 
variables such as electrolyte concentration, pH and voltage have been studied for the formation of TiO2 
nanotube arrays by many researchers [3]-[5], The resulting in uniform TNT arrays with various pore sizes 
and lengths. eliminate the hazardous chemical substances were water. A number of studies have 
demonstrated that the complete mineralization, i.e., oxidation to CO2 and OH-, of a variety of chlorinated 
aromatics occurred via heterogeneous photo-oxidation over titanium dioxide (TiO2). For the degradation 
mechanisms of TiO2 photocatalysis, a number of studies have indicated that OH- was formed on TiO2 
during the photochemical reactions [6]. The objective of this study was to examine the effect of voltage 
and added water on photocatalytic activity of TNT prepared by anodization method.  
2. Experimental 
In this work, Ti foils (250 μm thick, 99.7% purity, Sigma-Aldrich) were used as substrate to grow 
TNT. Before anodization Ti foil was degreased by ultrasonication with acetone and ethanol, rinsed with 
de-ionized water and then dried in an air. The anodization was performed in a two-electrode configuration 
with titanium foil as the working electrode and platinum foil as the counter electrode under constant 
voltage. Ethylene glycol electrolyte with the addition of NH4F (0.3 wt.%) and HF (0.5 wt.%) was used. 
The experiments were studied effect of addition of water (2%v/v of water) and also varied voltages at 20 
and 30 V. After 240 min of anodization at 45 oC, an anodized TNT array was washed by ultrasonication 
with de-ionized water and dried in air. After that the anodized samples were annealed at 450 °C for 3 h in 
air at a heating rate of 4 °C min-1. The annealed samples were used for the photocatalytic activity 
decomposition of methylene blue (MB) solution with a concentration of 1x10-5 M under the illumination 
of the five 10-W 365 nm UV lamps. The concentration of methylene blue was determined by an UV-Vis 
spectrophotometer (Thermo SCIENTIFIC, GENESYS 10UV) and structural properties characterized by 
SEM (Quanta400,FEI). 
 
3. Results and Discussion 
Fig 1 shows the behavior of current density versus time during anodization, for the ethylene glycol 
electrolyte with 0.3 wt.% NH4F, 0.5 wt.% HF at 45 oC for 240 min. From this figures, they are apparent 
that all curves exhibit a similar behavior with the time. In the early stages of the anodization process, a 
thin oxide layer is formed on the surface of the Ti sheet. Fig 1 shows the behavior of current density 
versus time during anodization, for the ethylene glycol electrolyte with 0.3 wt.% NH4F, 0.5 wt.% HF at 
45 oC for 240 min. From this figures, they are apparent that all curves exhibit a similar behavior with the 
time. In the early stages of the anodization process, a thin oxide layer is formed on the surface of the Ti 
sheet. As a result fine pits or pores are formed at the surface. Under sufficient applied voltage magnitude, 
field-assisted oxidation occurs at the TiO2/Ti interface, where the oxygen ions (O2-) are transported from 
the solution to the oxide layer. At the same time, Ti ions (Ti4+) are transported from the Ti to the 
oxide/solution interface and dissolve into the solution, leading to a continuous increase in the depth of the 
porous structure and thus the formation of ordered nanotubes oriented vertically to the substrate [7]. 
Figure 2 shows SEM image of TNT that produce by anodization process at 45 °C, 30 V for 240 min in 
0.3 wt.% NH4F and 0.5 wt.% HF. The length of the nanotubes was around 600–700 nm, inner diameter 
around 28 nm and outer diameter around 71 nm. 
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Fig. 1. Current density-time curves for ethylene glycol electrolyte containing NH4F and HF at 45oC for 240 min: addition de-ionized 
water (a) 2 vol.% and (b) 0 vol.% ; different voltage (1) 20 and (2) 30 V. 
 
 
      
 
Fig. 2. SEM images of the samples anodized in the ethylene glycol with NH4F and HF electrolyte at 45 oC, 30V for 240 min. A : top 
view B: side view. 
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Fig. 3. XRD patterns of as-anodized TNT arrays and TiO2 nanotube arrays annealed at 450 °C for 4 h in ambient air. T: Ti and A: 
anatase. 
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The crystal structure of the sample was identified with XRD (Fig. 3). In the case of TNT as-anodized, 
an amorphous structure with no crystalline phase was exhibited. Only peaks related to the Ti substrate 
were observed. After it was annealed at 450 °C for 4 h in ambient air, XRD measurements revealed that 
the annealed nanotubes have anatase structure, and some Ti-peaks from the Ti substrate are observed. 
3.1 Effect of addition of water in electrolyte on photocatalytic activity of TiO2 nanotube  
The photocatalytic activity of TNT were evaluated by photocatalytic decolorization of MB aqueous 
solution under UV light for 4h. Fig 4 shows the relative concentration of MB aqueous solution under 
photocatalytic activity of TNT prepared by anodization method at 45°C, 30 V for 240 min and followed 
by annealing. The higher photocatalytic decolorization of MB aqueous solution were found TNT when 
added 2vol% of de-ionized water in electrolyte. 
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Fig. 4. Effect of addition of water in electrolyte of anodization process on the photocatalytic degradation of methylene blue in 
aqueous solution under UV light irradiation (C0= 9.94x10-5 M): (a) 0 vol.% and (b) 2 vol.% of de-ionized water. 
 
 
3.2  Effect of anodization voltage on photocatalytic activity of TiO2 nanotube 
 
The effect of voltage on anodization were studied also. Fig 5 shows the relative concentration of MB 
aqueous solution under photocatalytic activity of TNT that prepared by anodization in electrolyte that 
added 2 vol.% of de-ionized water and followed by annealing. The photocatalytic activity of both voltage 
(20V and 30V) were quite different. However, for 20V of anodization voltage was selected as the best 
conditon because of the photocatalytic activity at 20V was more than at 30V of anodization voltage. 
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Fig. 5. Effect of anodization voltage on the photocatalytic degradation of methylene blue in aqueous solution under UV light 
irradiation (C0= 9.94x10-5 M): (a) 30V and (b) 20V. 
4. Conclusion 
The TNT were succesfully prepared by anodization method in Ethylene glycol electrolyte with the 
addition of NH4F (0.3 wt.%) and HF (0.5 wt.%). The results showed that in case of using lower voltage of 
20 V was better anodized condition and photocatalytic activity than that of 30 V. When added 2 vol% of  
water into  the electrolyte solution, the photocatalytic activity of resulted TNT was slightly better than 
that of  TNT from none water electrolyte solution . 
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